We present 105 stellar rotation periods in the young cluster IC 348, 75 of which are new detections, increasing the total number of known periods in this cluster to 143. The period distribution resembles that seen in the heart of the Orion Nebula Cluster by Herbst and colleagues. Stars estimated to be less massive than 0.25 M ⊙ show a unimodal distribution of fast rotators (P ∼ 1-2 days) and a tail of slower rotators, while stars estimated to be more massive than 0.25 M ⊙ show a bimodal distribution with peaks at ∼ 2 and ∼ 8 days. We combine all published rotation periods in IC 348 with Spitzer mid-IR (3.6, 4.5, 5.8, and 8.0 µm) photometry, which provides an unprecedented efficient and reliable disk indicator in order to test the disk-braking paradigm. We find no evidence that the tail of slow rotators in low-mass stars or the long period peak in high-mass stars are preferentially populated by objects with disks as might be expected based on the current diskbraking model. Also, we find no significant correlation between period and the magnitude of the IR-excess, regardless of the mass range considered. Given the significant improvement of Spitzer observations over near-IR indicators of inner disks, our results do not support a strong correlation in this cluster between rotation period and the presence of a disk as predicted by disk-braking theory. Rather, they are consistent with the suggestion that the correlation between period and the amplitude of the (I -K) excess reported in the past is a secondary manifestation of the correlation between the amplitude of near-IR excess and mass. By comparing our sample with a recent Spitzer census of IC 348, we find -2 -that the disk properties of our sample are indistinguishable from the overall disk properties of the cluster. We conclude that it is very unlikely that the lack of a correlation between rotation period and IR excess is due to a bias in the disk properties of our sample. Finally, we find some indication that the disk fraction decreases significantly for stars with very short periods (P 1.5 days). The fact that very fast rotators tend to have little or no excess has already been recognized by Rebull and colleagues for stars in the Orion Nebula Cluster. This is the only feature of our sample that could potentially be interpreted as evidence for disk braking. There is currently no alternative model to disk braking to explain the evolution of the angular momentum of pre-main-sequence stars. It has been proposed that the observational signatures of disk braking might be significantly masked by the intrinsic breadth of the initial period distribution. We argue that more rigorous modeling of angular momentum evolution and a quantitative analysis of the observational data are required before the disk-braking model can be regarded as inconsistent with observations.
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Introduction
The evolution of the angular momentum of pre-main-sequence (PMS) stars is one of the longest-standing problems in star formation and is currently a controversial topic. As low-mass (∼0.1-1.2 M ⊙ ) PMS stars evolve along their convective tracks, conservation of angular momentum dictates that they should spin up considerably. Low-mass PMS stars are believed to contract by a factor of ∼2-3 during their first 3 Myrs of evolution. If these stars were to conserve their specific angular momentum, j (where j ∝ R 2 /P ), their rotation periods would be expected to decrease by a factor of ∼ 4-9. Using the models by D' Antona & Mazzitelli (1994 , 1 and assuming angular momentum conservation and homologous contraction, Herbst et al. (2000) show that, given a starting period of 10 days, 2 all low-mass stars should rotate with periods shorter than ∼2 days by an age of 2 Myrs. However, observations show a large population of slow rotators (P ∼ 8.0 days) in clusters that, according to the same evolutionary tracks, are ∼2 Myrs old or older (Luhman et al. 2003) . Also, the very broad distribution of rotation periods in the zero-age main sequence (ZAMS) suggests a very broad range of angular momentum loss between the birth line and the ZAMS.
Proposed mechanisms to explain the presence of slow rotators come in the form of magnetic-field interaction between the PMS star and material in its inner disk, locking the star's rotation to the Keplerian velocity of the disk's inner edge (Königl 1991; Shu et al. 1994) and/or creating an accretion-driven wind (Shu et al. 2000) , thereby transferring angular momentum from the star to material from the disk, preventing it from spinning up, unchecked. "Disk locking" and "disk braking" have become essential features of virtually every model of the angular momentum evolution of PMS stars.
The first order prediction of disk-locking and disk-braking models is that, as a group, stars with disks should rotate slower than stars that have already lost their disks and are free to spin up. However, finding an observational correlation between the presence (or lack) of a circumstellar disk and the rotation period of PMS stars has proven a difficult task. It has been repeatedly argued that one of the main difficulties in finding this predicted correlation is the lack of an appropriate disk indicator (Rebull 2001; Herbst et al. 2002 ). Spitzer 's unprecedented mid-IR sensitivity allows, for the first time, an unambiguous identification of disks in a statistically significant sample of PMS stars with known rotation periods.
Here we report 75 previously unidentified rotation periods detected in the young cluster IC 348 which is situated in the East side of the Perseus Molecular Cloud. Our new periods, when combined with the periods in the literature, increase the total number of known periods in this cluster to 143. IC 348 is 315 pc away, young (2-3 Myrs), relatively compact (∼400 members, D ∼ 20 arcminutes), and has low extinction (A V < 4) (Luhman et al. 2003) . We combine all published rotation periods in IC 348 with Spitzer photometry to investigate the disk-braking scenario. This paper is organized as follows. In Section 2, we summarize previous observational attempts to identify a period-disk correlation. In Section 3, we describe our time series photometry and the observed rotation period distribution. In Section 4, we combine the rotation periods with the disk identification from Spitzer observations in order to search for the period-disk correlation predicted by the disk-braking paradigm. In section 5, we discuss the implication of our results in the context of the disk-braking scenario. Finally, we summarize our results in Section 6.
Previous Observational Results

Rotation Periods and Disks in Other Clusters
Rotation periods of young stars with late spectral types can efficiently be obtained via precise differential photometry due the brightness modulation produced by the rotation of cool star spots and hot accretion columns reaching their surfaces. Fifteen years ago, the number of PMS stars with photometrically measured rotation periods was less than 100. This number is currently approaching 2000 (see Stassun & Terndrup (2003) for a recent review of observations). As the number of available rotation periods of PMS stars in young stellar clusters has increased, some groups have found apparent observational signatures of the disk-locking model. Attridge & Herbst (1992) report a bimodal distribution in the period of 35 PMS stars in the Orion Nebula Cluster (ONC), peaking at ∼2 and ∼8 days. This bimodal distribution has been confirmed by Herbst et al. (2000, 2002, H00 and H02, hereafter) , who find it to be restricted to samples of stars with masses > 0.25 M ⊙ . H02 find that very low-mass stars (M < 0.25 M ⊙ ) exhibit a unimodal period distribution dominated by fast rotators with periods of 1-2 days. H00 and H02 also report a positive correlation between the presence of a circumstellar disk (as indicated by the presence of K-band excess) and slow rotation. The long-period peak in the bimodal distribution has been interpreted by these authors as being populated by disk-locked stars.
However, observations by several other groups do not confirm the bimodal nature of the period distribution of PMS stars in the ONC. Based on a sample of 254 stars, Stassun et al. (1999) find that the distribution of rotation periods between 0.5 and 8.0 days is statistically consistent with a constant distribution and that there is no apparent correlation between rotation period and near-IR excess. H00 argue that the Stassun et al. (1999) results do not show the expected bimodal distribution because their sample is dominated by stars of very low mass (i.e. M < 0.25 M ⊙ ). Still, based on 281 periods of stars in four fields around (but not including) the heart of the ONC, Rebull (2001) finds that the distribution of periods is statistically indistinguishable for stars less and more massive than 0.25 M ⊙ . argue that the "Flanking Fields" observed by Rebull (2001) represent a very heterogeneous sample in terms of age in which any structure in the period distribution would be wiped out. Rebull (2001) also finds no clear correlation between the presence of a circumstellar disk and three different disk indicators (I C -K, H-K, and U-V color excesses). Rebull (2001) and Hillenbrand et al. (1998) show that the correlation between near-IR excess and disk presence is far from perfect, leading to many disks being missed and false identification of disks. Rebull (2001) does conclude, however, that, given the lack of any observable correlation, disk locking is probably not the complete solution to the period distribution of PMS stars.
More recently, a statistically significant number of rotation periods in NGC 2264 have become available. In this cluster, Lamm et al. (2005) find a bimodal distribution for a sample of 184 stars with estimated masses > 0.25 M ⊙ . They find that the peaks in the period distribution observed in NGC 2264 are shifted toward shorter periods with respect to the ones found in the ONC. These shifts are interpreted as evidence of angular momentum evolution between the age of the ONC (∼ 1 Myrs) and that of NGC 2264 (∼ 2-4 Myrs). Using R -Hα color criteria for disk identification, they argue that stars with disks tend to rotate slower than stars without disks. However, 60% of their sample have ambiguous disk identification. Makidon et al. (2004) report periods for 118 stars in NGC 2264 with estimated masses > 0.25 M ⊙ . They find no evidence for a statistically significant bimodal distribution or a disk-period correlation, regardless of the disk indicator used: EW(Hα), U-V, I-K, or H-K color excesses. Clearly, despite the categoric claims made by some authors (e.g. , both the existence of a bimodal distribution in the rotation periods of PMS stars and the presence of a disk-rotation period correlation still await independent confirmation.
Rotation Periods and Disks in IC 348
All of the currently known periods for IC 348 can be collected from three papers (prior to this one): Cohen et al. (2004) , Littlefair et al. (2005) , and Kızıloglu et al. (2005) . Based on an observing campaign spanning more than 5 years, Cohen et al. (2004) report the rotation periods of 28 PMS stars in IC 348. The observations were taken in the I C band with the 0.6 m telescope at the Van Vleck Observatory, which has a field of view of 10.
′ 2 on a side. Littlefair et al. (2005) report 32 additional periods based on I C observations performed with the 1.0 m Jacobus Katelyn Telescope, which has a usable field of view of 9 ′ on a side. Cohen et al. (2004) and Littlefair et al. (2005) only report 18 periods in common (partially because the Littlefair et al. (2005) observations are considerably deeper than those presented by Cohen et al. (2004) ), but the periods in common show excellent agreement. Finally, Kızıloglu et al. (2005) present 35 periods based on observations taken with the 0.45 m ROTSE-IIId robotic telescope which has a field of view of 1.85 degrees on a side and operates without a filter. Of these 35 periods, 17 were previously detected by Cohen et al. (2004) , one was reported by Littlefair et al. (2005) , and 18 were new detections. Kızıloglu et al. (2005) calculated the confidence level of their rotation periods assuming white noise as the only source of error; however, as we discuss in Section3.2, that is a very optimistic assumption. Therefore, we only use the rotation periods from their work which have confidence levels greater than 5 σ. Cohen et al. (2004) do not have enough stars to fully explore the presence of a bimodal distribution or the disk-period correlation in their sample but argue that the period distribution hints at the bimodality seen in the ONC. Littlefair et al. (2005) also see a hint of a period bimodality in the "high" mass stars but argue that it is not statistically significant given the small number of stars in the appropriate mass range. They did explore the possibility of an observable disk-period correlation in their sample. However, they find no correlation of period with K -L color excess (available for 30 stars) or Hα equivalent width (available for 43 stars). Also, Littlefair et al. (2005) suggest that the rotation period -(I-K) excess correlation reported by H02 might be due to a secondary correlation arising from the fact that (I-K) excess is easier to detect in stars more massive than 0.25 M ⊙ than it is to detect in lower-mass stars (Hillenbrand et al. 1998 ). The Kızıloglu et al. (2005) paper focuses on an X-ray luminosity-period correlation and does not discuss the shape of the period distribution or any possible correlation between period and disk indicators.
Optical Observations and Data Reduction
Time Series Photometry
For our photometric measurements of IC 348 stellar rotation periods, data were collected using the McDonald Observatory 0.76 m Telescope and its Prime Focus Corrector (PFC) (Claver 1992) , which provides a 1
• field of view, 46. ′ 2 x 46. ′ 2 of which is covered by a 2048 x 2048 CCD. I C -band time-series photometry was performed on data collected during 3 observing runs : 2003, December 6th-22nd; 2004, January 4th-8th; and 2004, January 24th-30th . Ten slightly overlapping fields were used to cover the entire IRAC map of the Perseus Molecular Cloud obtained as part of the Spitzer Legacy Project "From Molecular Cores to Planet-forming Disks," (c2d) (Evans et al. 2003) . Two of these fields are centered on the IC 348 and NGC 1333 clusters and are referred as 'cluster fields' in the following discussion. Three frames were taken for every pointing of the cluster fields: a 15 sec exposure followed by two 150 sec exposures. For the rest of the fields, only two frames were taken, namely, a 3 sec exposure followed by a 15 sec exposure. From the 3 observing runs, a total of ∼140 useful data points were obtained for each star of the cluster fields and ∼50 data points for stars in the rest of the fields. Typical rotation periods of PMS stars range from ∼0.2 to ∼15 days.
We tested the range of periods recoverable in our data by inserting sine waves of several different amplitudes into data from non-varying stars of various magnitudes in the IC 348 field. The model variations ranged in period from 0.3 to about 19 days. Using the same detection method in identifying rotation periods in IC 348 PMS stars, recovery rates for the model variations were about 71% for periods between 0.4 and 0.5 days and 52% for periods between 0.5 and 0.6 days, although most of the periods that were not accurately identified in this regime were a factor of two away from the actual period, which would not affect the overall rotation period distribution significantly. Nearly 100% of the models with periods ranging from 0.6 days and above were correctly identified. Therefore, we conclude that the observations obtained provide both an appropriate sampling rate and baseline to be sensitive to all expected rotation periods.
After standard CCD reductions were performed with the IRAF imred.ccdred package, photometry is performed using a combination of the ISIS image subtraction software (Alard & Lupton 1998; Alard 2000) and our own code. After residual images are generated by ISIS, our code measures aperture sums for stars in the residual images and produces light curves measured in percent flux normalized to a reference image. Here we present the rotation periods found in the field covering the IC 348 cluster. Rotation periods for stars in the rest of the Perseus cloud, including those in the cluster NGC 1333, will be presented in a future paper.
Finding the Rotation Periods
To search for periodic signals in the light curves of our targets, we used the standard periodogram technique discussed by Scargle (1982) for analyzing periodic signals of unevenly spaced data and the prescription given by Horne & Baliunas (1986) to select the optimum number of independent frequencies used to inspect the data. The initial period range of the periodogram was set to 0.1-50 days, but, since the number of independent frequencies inspected is heavily weighted toward higher frequencies, low frequencies are not well sampled in this range, which produces a large uncertainty for long periods. For this reason, a new periodogram was produced for every star. In this new periodogram, the shortest period sampled was set to 0.75 times the period found in the first pass. For our data set, the normalized power spectrum (PS) peak of the Scargle periodogram corresponding to a false alarm probability (FAP, as defined by Horne & Baliunas 1986) of 1% is ∼10. This threshold corresponds to the 1% probability that a power spectrum peak reaches a given high by pure fluctuations of white, uncorrelated noise, and is clearly too optimistic.
The assumption that the data points are statistically uncorrelated and that noise can be characterized as white is usually not valid for time series photometry of PMS stars (see Rebull 2001 , and references therein). The distribution of PS peaks for the entire sample of ∼3600 stars in the IC 348 field is shown in Figure 1 . The left side of the peak can be characterized as a Gaussian centered at 6.4 with a FWHM of 1.5 days. Rightward of the peak, the PS distribution has a tail corresponding to light curves with real periodic signals combined with spurious signals produced by non-white noise. The shape of the distribution of the PS peaks suggests that periods become unreliable for PS peaks lower than ∼20. Since our field contains over 60 stars with known rotation periods from the literature, we can also estimate our PS confidence threshold by plotting the agreement of our periods with published values from Cohen et al. (2004) , Littlefair et al. (2005) , and Kızıloglu et al. (2005) as a function of the peak of the PS (Figure 2 ). Figure 2 shows that even though some of our periods agree with published values down to a PS peak of ∼10, many values start to diverge when the peak is ∼20. Above a PS peak of 20, the periods we find disagree with published periods for only 5 objects, labeled A through E in Figures 2 and 3 . In what follows we analyze these objects one by one. Object A (ID 91) has a PS peak of 41.9. We find a period of 4.55 days while Kızıloglu et al. (2005) finds a period of 1.28 days. Figure 3 shows that the period found by Kızıloglu et al. (2005) can be explained as the beating of our period and a 1 day sampling interval (i.e. a relation of the form 1/P beating = ± 1 ± (1/P), denoted by the solid line). Object B (ID 102) has a PS peak of 32.5, and we find a rotation period of 8.57 days. Kızıloglu et al. (2005) assign to this object a rotation period of 32.28 days, which is much longer that the typical rotation periods of PMS stars. Since the period found by them is close to a factor of four larger than our period, it is likely to be an harmonic of the real period.
For object C (ID 98), which has a PS peak of 30.8, we find a period of 19.8 days, while Littlefair et al. (2005) find a period of 13.4 days. Both cases represent an unusually long rotation period and the discrepancy is likely to be due to the increasing uncertainty with increasing period for relatively short observing campaigns. Since our observations span 52 days and Littlefair et al. (2005) observations span only 26 days, our period is more likely to be correct. For object D (ID 123), we find a PS peak of 26.0 and a period of 10.64 days. Kızıloglu et al. (2005) find a period of 22.51 days, which is also likely to be an harmonic of the real period. Finally, for object E, we find a PS peak of 21.6 and a period of 18.3 days. Littlefair et al. (2005) find a period of 8.4 days. In this case, it is likely that our period is an harmonic of the real period found by the other group. The contamination of rotation-period distributions by harmonics and "beat periods" at the 10% level has already been seen by many groups (e.g. H02 and Lamm et al. 2005 ) when comparing their results to previously published data. In addition to a change in the beating of a period within the sampling rate (which would be different for each observing run), the observed periods themselves may change between observing runs (as discussed in Rebull 2001) due to the migration of stellar spots in a differentially rotating photosphere. Clearly, the lower the adopted PS threshold, the larger the contamination fraction. For definitiveness, based on Figures 1 through 3 and the above discussion, we adopt a PS peak of 22.0 as the criteria to consider the periodic signal to be an accurate representation of the rotation period. This corresponds to the highest PS peak of an object showing a significant discrepancy with published periods that we believe is due to our own incorrect period (object E in Figures 2 and 3) .
The Rotation Period Distribution
Inspecting the periodograms of the ∼3600 stars detected in our field, we find 105 objects with PS peaks higher than 22, the adopted detection threshold. Of these 105 objects, only 30 had previously known rotation periods. Thus, we have obtained 75 new rotation periods. Our periods more than double the number of previously known rotation periods in the IC 348 cluster and increase the total number to 143; a comprehensive list of all known stars with periods in IC 348 appears in Table 1 . The coordinates of each periodic stars listed are those of the closest counterpart identified in the 2MASS survey. Figure 4 shows the histogram of all the rotation periods listed in Table 1 . The period distribution extends to almost 30 days; however, for the rest of the paper, we restrict our analysis to the 132 stars listed in Table 1 with periods shorter than 15 days. We decided to make this cut because stars with periods > 15 days (∼8% of the total sample) are likely to be more contaminated by harmonics than the rest of of stars (in the previous section we found that periods longer than 15 days account for 3 out the 5 stars with PS peaks larger than 22 which have a period disagreement with previously published values). Also, any MS star contaminating our sample is likely to have a rotation period > 15 days.
The Periodic Sample
The stellar population of IC 348 and its disk properties are very well characterized. Luhman et al. (2003) present a spectroscopic census of the the cluster members. This census is nearly complete within the central 16 ′ x 14 ′ area of the cluster for stars with spectral types M8 and earlier and yields a sample of 288 objects whose membership has been established based on their proper motions, positions in the H-R diagram, A V 's, and spectroscopic signatures of youth. More recently, Lada et al. (2006) present Spitzer observations of all the 288 objects identified by Luhman et al. (2003) as IC 348 members. These results are based on the the same IRAC GTO observations we use for disk identification, and will be discussed further in Section 5.1.
Of the 143 periodic stars listed in Table 1 , 92 are identified by Luhman et al. (2003) as members of the cluster, and each of them have measured spectral types. We note that the 51 stars in our sample which are not identified by Luhman et al. (2003) as IC 348 members fall outside the 16 ′ x 14 ′ field for which they present a complete membership census. However, Cambrésy et al. (2006) present an extinction map of the IC 348 region and conclude that the cluster extends up to 25
′ from its center, placing all the objects in our sample within those cluster boundaries. Most of the periodic stars in our sample turned out to be known members of IC 348, while only 8% of all of the stellar light curves we inspected correspond to the 288 known members identified by Luhman et al. (2003) . More importantly, none of our periodic stars correspond to any of the 123 targets identified by Luhman et al. (2003) as foreground or background non-members of the cluster. This indicates that periodicity is a very efficient selector for PMS stars, and we conclude that it is therefore likely that most, if not all, of the periodic stars falling outside the region studied by Luhman et al. (2003) are in fact members of the IC 348 cluster.
Mid-IR Observations and Data Reduction
As part of the c2d Legacy Project (Program ID 178), Spitzer has mapped 3.8 sq. deg. The results of the Spitzer observations of the entire population of IC 348 members is presented in Lada et al. (2006) . For consistency, we processed the Basic Calibrated Data from the GTO program and produced point source catalogs using the c2d pipeline. The c2d pipeline uses the the c2d mosaicking/source extraction software, c2dphot (Harvey et al. 2004) , which is based on the mosaicking program APEX developed by the Spitzer Science Center and the source extractor Dophot (Schechter et al. 1993 ). See Evans et al. (2006) for a detailed description of the c2d data products. We searched the c2d and GTO IRAC point source catalogs and found fluxes for 127 of the 143 objects listed in Table 1 (i.e., 16 of the periodic objects fall outside the c2d/GTO IRAC maps of Perseus).
Complementary data
In addition to the rotation periods and the IRAC photometry, we have collected the following complementary data for our stars in Table 1 . First, with the same telescope used to obtain the time series photometry, we obtained RI absolute photometry for our field. We performed PSF fitting photometry with the standard IRAF implementation of the DAOPHOT (Stetson 1987 ) and used Landolt standards for calibration (Landolt 1992) . We report RI data for all but a few stars listed in Table 1 that fall outside the field due to a small pointing error. Also, we have collected the 2MASS J, H and K magnitudes for all but 3 very faint stars. Finally, we have collected all the spectral types available for our sample, covering 92 objects from Luhman et al. (2003) . All the complementary data are also listed in Table 1 .
Testing the Disk Regulation Paradigm
Identification and Classification of Mid-IR Excess
In recent Spitzer studies of circumstellar disks, different groups adopt different disk identification criteria. An effective and reliable method of disk identification is crucial to this type of survey, especially when dealing with a small sample size, such as is the case with the IC 348 rotation periods. A near-100% recovery of disks with few or no false positives using IRAC photometry is possible. Here we discuss the disk-identification criteria used in two studies particularly relevant to this paper: The study of the correlation between stellar rotation and IRAC excess in Orion ) and the Spitzer observations of all the confirmed members of IC 348 (Lada et al. 2006 ). Bare stellar photospheres have an IRAC color ∼ 0.0, while stars with an IR excess have positive colors. The broader the color baseline used, the larger the mean IR excess of the stars with disks; therefore, the IRAC color that provides the clearest separation between stars with and without disks is From the comparison to disk models, they identify objects with α > -1.8 as optically thick disks. Based on the predicted slope of an M0 star and the typical uncertainty in the power law fit, they identify objects with α < -2.56 as bare stellar photospheres. Objects with intermediate slopes, -2.56 > α > -1.8, are termed "anemic disks" and are interpreted as optically thin disks or disks with inner holes.
We find that the disk criteria adopted by the Lada and Rebull groups identify a slightly different set of stars. In this section, we propose alternative disk identification criteria and explore the differences between our criteria and those adopted by the other groups. In order to construct our disk-identification criteria, we first collect IRAC colors for a large sample of PMS stars with high signal to noise ratios (S/N) from the literature. We construct our sample from the classical and weak-lined T Tauri stars (cTTs and wTTs) studied by Hartmann et al. (2005) , Lada et al. (2006) , Padgett et al. (2006) , and Cieza et al. (2006, in prep) . To minimize the uncertainties, we restrict the sample to the 435 objects for which reported photometric errors are less than 0.1 mag and explore the location of this sample in different color-color diagrams. We find that the Meyer et al. (1997) . Therefore, one can use this convenient IRAC locus of disks as an initial tool to identify wTTs and cTTs candidates in any IRAC field. One might expect contamination from galaxies with IRAC colors similar to stars in this locus. However, we found that in the fields observed by the Spitzer Wide-area InfraRed Extragalactic survey (SWIRE), only about ∼15% of the objects fell within a 3σ distance from this IRAC locus.
In order to compare our disk-identification criteria to those adopted by Lada et al. (2006) and Rebull et al. (2006) (Figure 5, right panel) . This figure shows that the diskidentification criterion adopted by Rebull and collaborators (i.e. [3.6] -[8.0] > 1.0) selects a sample of stars which has an almost one-to-one correspondence with the objects classified as optically thick disks by the Lada group, meaning the Rebull criterion misses disks with weaker mid-IR signatures. On the other hand, Lada and collaborators classify as anemic disks both objects that belong to our IRAC locus of T Tauri star disks and some objects which have colors consistent with bare stellar photospheres (i.e., the Lada criteria overestimate the number of anemic disks). We believe this is a consequence of adopting criteria for disk identification which are independent of spectral type. In fact, most of the objects classified as anemic disks by Lada et al. (2006) which do not satisfy our disk identification criteria are late M stars. In addition, the scatter in the right panel of Figure 5 is dominated by the photometric error in 8.0 µm fluxes of the faintest stars, which also comprise the handful of objects with nonphysical negative .75-M5 stars; therefore, we classify them as diskless stars. The other object (ID=88) is of unknown spectral type. We searched the catalogs from the c2d Legacy Project and found that this object has a 24 µm flux of 23.1 mJy, which corresponds to a 24 µm excess of over 4 magnitudes. Thus, we classify this object as possessing a disk, leading to a total number of disks in our sample of 41 and a disk fraction of 38% ±5% (41/109).
Given the fact that only 3 objects in our sample have a somewhat ambiguous disk identification, we estimate our disk census to be both complete and reliable at the ∼97% level. In contrast, Hillenbrand et al. (1998) show that color-color diagrams combining optical and near-IR data can only identify < 70% of the accretion disks in a given sample and that this efficiency decreases for very low-mass stars (e.g. spectral types later than M2). Also, Spitzer can identify stars with low accretion rates and disks with inner holes which have no near-IR excess (e.g. Padgett et al. 2006) , making Spitzer data (combined with effective disk-identification criteria, as described above) a more effective tool for disk identification than any ground-based near-IR observations.
Having accurately determined which stars have disks, one can then conduct a comprehensive search for any correlation between stellar rotation period and the presence of a disk. The period distributions for stars with and without a disk are shown in is that stars with disks show a bimodal distribution even more-clearly defined than that seen in the entire sample. This fact goes directly against the first order prediction of the current disk-locking paradigm in which the bimodal distribution itself is a manifestation of two populations of stars, one with disks (slow rotators) and another without disks (fast rotators). Similarly, Figure 8 shows no evidence of any correlation between period and the magnitude of the IR excess. A standard Spearman test yields over an 84% chance that the quantities are completely uncorrelated. However, before drawing any further conclusions from Figures 7 and 8, we would like to explore and attempt to disentangle another variable which has been claimed to correlate with rotation period: Stellar mass.
Mass Dependence
Following H00, most authors have divided their rotation period distributions into "high mass" and "low mass" stars. The H00 masses come from Hillenbrand (1997) and were obtained using the evolutionary tracks by D98. The 0.25 M ⊙ division should be regarded as a nominal value throughout the paper since PMS stellar masses are highly model dependent. We point out that D98 models yield systematically lower masses than other widely used evolutionary models such as those presented by Baraffe et al. (1998) and Siess et al. (2000) . According to the D98 models, for ages less than several million years, the 0.25 M ⊙ division corresponds to the M2 spectral type. Therefore, other authors (e.g Rebull 2001) have used spectral type as a proxy for stellar mass. Optical colors (R C -I C ) have also been used to differentiate between low-and high-mass stars (e.g. Lamm et al. 2005 ).
Ever since a statistically significant number of rotation periods became available, it has been suggested that rotation periods are highly dependent on mass. H00 argued that stars more massive than ∼0.25 M ⊙ show a bimodal distribution, while lower-mass stars show a more uniform distribution and a lack of fast rotators (P < 2 days). H00 attributed the lack of low-mass fast rotators to a deuterium-burning phase that temporarily halts the contraction of low mass stars. However, deeper observations of the ONC (e.g. H02) later showed a large population of fast-rotating, low-mass stars. In fact, H02 argue that low-mass stars rotate significantly faster than high-mass stars and that the period distribution of low-mass stars peaks at ∼2 days (i.e. the apparent lack of low-mass fast rotators previously reported was a selection effect). Using R C -I C color criteria, Lamm et al. (2005) also find that lowmass (R C -I C > 1.3) stars rotate, on average, faster than "high" mass ( R C -I C < 1.3) stars. However, other authors have cast doubts on this conclusion. Rebull (2001) finds that the periods of high-mass stars (spectral type earlier than M3) and low-mass stars (spectral types M3 and later) in the Orion Flanking Fields are statistically consistent with each other.
However, as mentioned earlier, regard the Rebull (2001) sample as too heterogeneous in terms of age for any period dependence on disk properties or mass to be observable. Naturally, we would like to explore the mass dependence in our period distribution. In order to divide our sample into "high" and "low" mass stars, we take advantage of the large amount of information collected in Table 1 . Most of the stars in our sample (92/143, 64%) have spectral types from Luhman et al. (2003) . We classify stars with spectral type M2 and later as low-mass stars and stars with spectral types earlier than M2 as high-mass stars. For stars without spectral types, we adopt the following procedure. First, we classified the objects based on their The stellar models were constructed as in Cieza et al. (2005) , from optical and near-IR broadband colors from Kenyon & Hartmann (1995) tied to IRAC colors based on Kurucz models (Kurucz 1993) . We adopt the extinction corrections also listed in Cieza et al. (2005) . For stars with [3.6]-[4.5] < 0.2 and [3.6]-[8.0] > 0.5 (e.g. stars without 4.5 µm excess but with significant 8.0 µm excess), we follow the procedure describe above, but without fitting the 8.0 µm or 5.6 µm data points (in practice, the weights of the IRAC data points in the fit are set by the corresponding "excess"). We tested our procedure with 58 stars with spectral types and [3.6]-[4.5] < 0.2 and find that, remarkably, our photometric spectral types typically agree with those reported by Luhman et al. (2003) to within a spectral subtype. Namely, MEAN(Spt Luhman − Spt phot ) = 0.26 and MEAN(ABS(Spt Luhman − Spt phot ))=0.69, where one spectral type subclass equals unity and spectral types are ordered from early to late. Meyer et al. (1997) show that cTTs occupy a verywell-defined locus in the dereddened H-K vs. J-H diagram. We take advantage of this fact and estimate the A V of the few objects with [3.6]-[4.5] < 0.2 and unknown spectral types by dereddening them to the the locus defined by Meyer et al. (1997) . Using the A V 's estimated in this way, we deredden their R C − I C colors. We classified stars with (R C − I C ) o < 1.3 as high-mass stars and stars with (R C − I C ) o >1.3 as low-mass stars (where a R C − I C color of 1.3 corresponds to a spectral type of M2). The period distributions for low-and high-mass stars are shown in Figures 9. We find that the period distributions are remarkably similar to those presented by H02 for the heart of the ONC. Stars estimated to be less massive than 0.25 M ⊙ show a unimodal distribution dominated by fast rotators (P ∼ 1-2 days) and a tail of slow rotators, while stars estimated to be more massive than 0.25 M ⊙ show a bimodal distribution with peaks at ∼2 and ∼8 days. Thus, our results confirm the strong dependence of stellar rotation on mass, as observed by H02 in the heart of the ONC and by Lamm et al. (2005) in NGC 2264.
As mentioned in section 2, Lamm et al. (2005) find that the peaks in the period distribution observed in NGC 2264 are shifted toward shorter periods with respect to those seen the ONC. These shifts are interpreted as evidence of angular momentum evolution between the the ONC (age ∼1 Myrs) and NGC 2264 (age ∼ 2-4 Myrs). Do we see the same angular momentum evolution between the ONC and IC 348 (age ∼3 Myrs)? On one hand, the location of the peaks in the period distribution of the high-mass stars in IC 348 suggests that they have spun down with respect to those in the ONC. On the other hand, the median period of the the low-mass stars in IC 348 seems to suggest that these stars have spun up with respect to to the low-mass stars in the ONC. However, given the size of the sample and the magnitude of the changes, none of the differences are statistically significant.
IR Excess-Rotation Period Correlation?
Taking the low-and high-mass stars separately, is there any evidence that stars with disks rotate slower, as a group, than stars without disks? Given the substantial improvement in the disk identification efficiency using IRAC observations over near-IR indicators, the disk-period correlation reported by H00 and H02, if real, should be readily-detectable in our data. Figure 10 shows the [3.6]-[8.0] color vs. period for both low-and high-mass stars. A standard Spearman test shows that there is a 68% chance that the period of high-mass stars is completely uncorrelated with IR excess. This chance drops to 23% for low-mass stars, but the significance level is not anywhere near the level found by H02 for the correlation between period and (I-K) excess in Orion stars (H02 find that there is a 10 −10 chance that period and (I-K) excess are uncorrelated quantities). Our results support the claim made by Littlefair et al. (2005) that the correlation between period and (I-K) is a secondary manifestation of the correlation between near-IR excess and mass. Most of the power in the weak correlation between period and IRAC excess comes from the fact that the 5 fastest rotators (all of them low-mass objects) show little or no excess. We discuss this point in Section 5.2.
Low-mass stars show a unimodal distribution peaking at ∼1-2 days and a tail of slow rotators. According to the disk-braking model, one would expect stars without disks to be concentrated around the 1-2-day peak and stars with disks to be concentrated in the longperiod tail. We find no evidence of that being the case. If anything, we find the opposite to be true. The median period of the sample of low mass objects is 3.58 days. The disk fraction of the objects rotating faster than the median is 38% ±8% (11/29), while the disk fraction of the objects rotating slower than the median is 21% ±7% (6/29). High-mass stars show a bimodal distribution peaking at ∼2 days and ∼8 days. In the context of the disk-braking model, one would expect, for the most part, stars populating the short-period peak to be objects without disks and the stars populating the long-period peak to be stars with disks. Again, we find no significant evidence for disk braking. We find that 39% ±10% (9/23) of the high-mass stars rotating faster than the median (P = 6.2 days) have disks, while a marginally higher fraction of stars rotating slower than the median, 50% ±10 (12/24), have disks.
Discussion
The fact that we find no evidence for a correlation between period and the presence of IR excess represents a serious challenge to the current paradigm of the evolution of angular momentum of PMS stars, which relies heavily on disk braking to explain the presence of slowly rotating PMS and ZAMS stars. It could be argued that the 8.0 µm excess is too good a disk indicator, enabling detection of disks with inner holes too large for the disk to still be locked to the star. However, disk models show that stars with inner holes have lower 8.0 µm excesses than stars with disks extending inward to the dust sublimation temperature ( e.g. Padgett et al. (2006) models of wTTs versus Cieza et al. (2005) models of cTTs). Therefore, even if a diversity of inner hole sizes were responsible for masking the disk-period correlation in the histograms in Figure 7 , one would expect periods to correlate with the magnitude of the 8.0 µm excess (one would expect stars with strong 8.0 µm excess to rotate slower than stars with weak or no 8.0 µm excess). As illustrated by Figure 8 , we find no evidence of such a correlation either. Throughout the paper, we use the 8.0 µm excess as a disk indicator because, as discussed in Section 4.1, it provides the best separation between stars with and without disks; however, we see no period-IR excess correlation using the excess at any of the IRAC bands as a disk indicator.
There is currently no quantitative theory for disk braking; however, some authors have tried to make some quantitative analysis based on the derived distributions of angular momentum for stars of different ages. construct the distributions of the specific angular momentum of the ONC, NGC 2264, and a sample of main sequence (MS) stars, combining objects from the Pleiades, α Per, and the IC 2602 clusters. Specific angular momentum, j, is obviously a more relevant quantity than period to study the evolution of angular momentum of PMS stars. However, its calculation requires the knowledge of the stellar radius (e.g. j ∝ R 2 /P). To that end, assume a mean radius of 2.09 R ⊙ for stars in the ONC and of 1.7 R ⊙ for stars in NGC 2264. They argue that the ONC, NGC 2264, and MS clusters represent a clear sequence in the evolution of angular momentum corresponding to 3 different ages, nominally: 1, 2 and 50 Myrs. suggest that the broad distribution of angular momentum observed in their sample of MS stars can be explained by assuming that 40-50% of the PMS stars conserve angular momentum when they contract while the remainder of the stars, which should already be slow rotators by the ages of the ONC and NGC 2264, must stay disk-locked for up to 5 Myrs in order to account for the slow rotators in the ZAMS sample (this is consistent with the findings of ). Were this the case, we should see strong evidence for disk locking in our sample of PMS stars with rotation periods and IR-excess measurements. Since we see no such evidence, our results are inconsistent with the claim, unless, for some reason, our sample is severely biased against disk-locked stars. We investigate the possibility of such a bias in the next section.
Sample bias?
A critical point regarding the validity of the conclusions of this paper is to what degree our sample of stars with rotation periods is representative of the entire population of IC 348 members. Fortunately, the stellar population of IC 348 and its disk properties are very well characterized. As discussed in Section 3.4, Luhman et al. (2003) present a detailed spectroscopic census of IC 348 cluster members, complete for spectral type M8 and earlier, and Lada et al. (2006) have recently presented Spitzer observations of all the 288 objects identified by Luhman et al. (2003) as IC 348 members. Because the Lada results are based on the the same IRAC GTO observations we use for disk identification, they provide a perfect test to investigate the possibility of any strong disk fraction bias in our sample of IC 348 members with rotation periods with respect to the entire cluster population. Cohen et al. (2004) argue that, since none of the 28 periods they report correspond to known cTTs, rotation period samples are heavily biased against accreting objects, where disk braking is more likely to occur. In contrast, Littlefair et al. (2005) report that 43% of their periods correspond to cTTs, a result which is not significantly different from the overall cTTs fraction among IC 348 members (∼ 40%). They argue that the drastic improvement in the efficiency for obtaining rotation periods of cTTs in their work with respect to the Cohen et al. (2004) results is due to the high sampling density of their observations; cTTs are highly non-periodic on time scales larger than a few days or weeks. Cohen et al. (2004) periods come from an observing campaign spanning several years with a very low temporal density, while Littlefair et al. (2005) observations come from a 26-night campaign with a typical sampling rate of one frame every 10 minutes. Our observations also had very high temporal density and yield a cTTs fraction of ∼40%.
Using the same disk identification criteria ([3.6]-[8.0] > 0.7) for the entire sample of IC 348 members studied by Lada et al. (2006) and for the periodic sample listed in Table 1 , we find the disk fractions to be the same within statistical errors, 41% ± 2.7% vs. 38% ± 5%, respectively. Since there is no evidence that our sample is biased against stars with disks, we conclude that our sample of stars with rotation periods is representative of the entire population of IC 348 members in terms of their disk properties. Rebull et al. (2006) reach the same conclusion for the stars in Orion by noting that the [3.6]-[8.0] color distribution of the periodic stars is statistically indistinguishable from that of the entire population of Orion members. Therefore, we argue that it is very unlikely that the lack of correlation between rotation period and IR excess is due to a bias in the disk properties of our sample.
Previous Spitzer Results and Very Fast Rotators
Previous to this paper, the analysis of the periodic stars in Orion by Rebull et al. (2006) is the only study that combines rotation periods and Spitzer observations. They study a sample of 464 stars with known rotation periods and [3.6]-[8.0] colors. They note that the cumulative distribution function of periods for stars with disks (i.e., [3.6]-[8.0] > 1) shows an inflection point around 1.8 days. Based on this inflection point, they divide their sample into "short" and "long" period stars. They find that stars with short periods are significantly less likely to have a disk than stars with long periods. However, they also find that for periods > 1.8 days, the period distributions for stars with and without disks are statistically indistinguishable.
Our results are consistent with those of the Rebull group. Although at a lower significance level, due to the smaller size of our sample, our results also suggest that there is a significant decrease in the disk fraction at very short periods. As mentioned in Section 4.3, most of the power in the weak correlation between period and 8.0 µm excess for low-mass stars in IC 348 arises from the fact that the 5 fastest rotators (P < 1.2 days) have very little or no excess at all. Using the same disk identification criteria ([3.6]-[8.0] > 1.0) and definition of "short" and "long" period stars adopted by Rebull et al. (2006) , we find that only 12% ±7% (2/16) of the short-period (P< 1.8 d) stars in IC 348 have a disk, while 33% ±5% (31/93) of the long-period (P > 1.8 d) stars have a disk. These disk fractions are consistent with those seen in the ONC by Rebull and collaborators.
The low disk fraction of fast rotators is evident in Figure 11 , where we plot angular velocity (2πP −1 ) as a function of [3.6]-[8.0] color in order to better resolve the distribution of IR excesses at short periods. At first glance, the upper envelope of the IR excess seems to correlate with angular velocity. However, that is mostly due to the fact that most of the objects are concentrated at low angular velocity. The objects plotted in Figure 11 are the same objects plotted in Figure 10 . From a statistical point of view, the significance in the correlation between period and IR excess is identical to that of the correlation between angular velocity and IR excess. The fact that very fast rotators tend to have little or no excess is also confirmed to a high level of significance by a preliminary analysis of Spitzer data on NGC 2264, which will be fully analyzed and presented in a follow-up paper (Cieza et al. 2007 , Paper II).
The low disk frequency of very fast rotators is the only feature of our sample that could potentially be interpreted as an evidence for disk braking. In the context of disk braking, stars that lost their disks very early in their evolution are expected to become very fast rotators. The main challenge for disk braking seems to be the large number of slow rotators without a disk. Qualitatively, it has been proposed that the large number of slow rotators that show no evidence of a disk are objects that have recently lost their disks and have not had enough time to spin up considerably (e.g. H02, Rebull et al. 2005 Rebull et al. , 2006 . This scenario would require the spin-up timescale for the stars in the sample to be significantly longer than the transition timescale from a massive inner disk capable of disk braking to a disk tenuous enough to remain undetectable at IRAC wavelengths. However, we note that the population of fast rotators (P < 1.8 d) represents only a small fraction (∼ 15%) of the entire sample of stars with rotation periods in both IC 348 and the ONC. In other words, the vast majority of stars with rotation periods, about 85% in each cluster, shows no correlation between their rotation period and the presence of a disk. This casts serious doubts on the explanation discussed by the three groups mentioned above that the large population of slow rotators with no mid-IR excess is populated by stars which have just lost their disks. This would require ∼ 50% of the entire sample of periodic stars in each cluster to fall into this special regime. A more quantitative test of this scenario is underway and will be presented in Paper II.
Furthermore, we note that there are other possible explanations for the low disk fraction of very fast rotators besides disk braking. For instance, if the disk fraction of low mass stars, which tend to be very fast rotators, is significantly lower than that of higher mass stars, then an overall lower disk fraction of fast rotators is expected. Results from Lada et al. (2006) suggest that this might be the case. They find that the fraction of optically thick disks decreases from 47% ±12% for K6-M2 stars to 28% ±5% for M2-M6 stars. As discussed in Section 4.1 and illustrated by Figure 5 , the criteria adopted by Rebull et al. (2006) for disk identification selects a sample which has almost a one-to-one correlation with the objects classified as optically thick disks by the Lada group. Also, as noted by Rebull and collaborators, an overabundance of close binaries among very fast rotators could account for their low disk fraction.
Are our results inconsistent with disk-braking?
How significant is the fact that we see no clear evidence of a correlation between rotation period and IR excess (with the exception of the fastest rotators as mentioned in the previous section)? Is the lack of evidence enough to exclude disk braking as a viable model? At least one line of argument suggests the contrary. Rebull et al. (2004) perform a series of Monte Carlo simulations of the evolution of rotation periods for stars in the context of the diskbraking model. They assume a Gaussian initial period distribution centered at 8 days with a 1 σ dispersion of 4 days. In their models, they have a population of disk-locked stars that contract at constant angular velocity and a disk-free population which spins up as P ∝ t −2/3 (appropriate for stars on convective tracks). The only free variables in their model relate to the fraction of disk-locked stars as a function of time.
After running a series of simulations, they perform K-S tests to constrain the circumstances under which a statistically significant correlation between period and IR excess would be expected. They conclude, given a broad distribution of initial periods, that the observational signatures of disk braking are much less conspicuous than is usually assumed, even with a perfect knowledge of which stars have a disk. They find that, unless the sample is very large (> 500), the populations of stars with and without disks only become statistically different if a relatively large fraction (∼30%) of the stars is released from their disks at an age < 1 Myr. This is because the effect of disk locking is most important when the stars undergo rapid contraction at very young ages and becomes much less important later on as the contraction rate decreases. Furthermore, the Rebull et al. (2004) simulations can produce both a unimodal distribution of periods similar to the one seen in low-mass stars in IC 348 and a bimodal distribution similar to that of the higher-mass stars.
These caveats prevent us from drawing any categoric conclusion regarding the general validity of the disk-locking scenario. There is currently no alternative model to disk braking to explain the evolution of angular momentum of PMS stars, and there is some strong evidence that magnetic star-disk interaction actually occurs in early stages of the evolution of PMS stars (e.g. the presence of highly collimated jets in cTTs and deeply embedded objects). Therefore, we argue that a much more rigorous and quantitative analysis than that presented herein is required before the model can be regarded as inconsistent with the observational data. The fundamental question now becomes whether disk braking, which seems to be required to explain the angular momentum loss experienced by a large fraction of PMS stars between the birthline and the ZAMS, can occur early on in the evolution of PMS stars without leaving a clear correlation between rotation period and IR excess at the ages of clusters like IC 348.
To address this question, a more rigorous model than the one used by Rebull et al. (2004) could be created to investigate the range of disk-braking parameters (disk-braking efficiency and the fraction of regulated stars as a function of time) which would be allowed by the observed period distribution of stars with and without disks in clusters like IC 348, NGC 2264, and the ONC. For instance, instead of starting from an initial distribution of rotation periods, one could use specific angular momentum, which is more physically meaningful and removes most of the dependence on the initial masses of the objects from the results. The initial angular momentum of the cluster can be constrained by the objects with a maximum current angular momentum (since they will have evolved with the lowest angular momentum loss). It would also be beneficial to incorporate into the models an age spread in the stellar population and observational constraints on the disk fraction as a function of age. Finally, instead of assuming a P ∝ t −2/3 relation for all unregulated stars, the evolution of their periods can be calculated from the predicted evolution of their radii by theoretical evolutionary tracks.
In Paper II, we plan to perform Monte Carlo simulations to determine what initial conditions and disk-braking parameters might lead to the current lack of a correlation between rotation period and IR excess in PMS stars. We will use models similar to Rebull et al. (2004) with the improvements mentioned above to perform an analysis of the IC 348 cluster, using data presented in Table 1 , and NGC 2264 and the ONC, combining Spitzer archival data and periods published in the literature.
Summary and Conclusions
We have obtained time series photometry of the young stellar cluster IC 348 and measured 75 new rotation periods. Our results increase the total number of known rotation periods in the cluster to 143. We combined all published rotation periods in IC 348 with Spitzer photometry (3.6, 4.5, 5.8, and 8.0 µm) in order to test the disk braking paradigm, constructing a new, more reliable set of criteria for disk identification with IRAC data.
We find that the IC 348 rotation period distribution resembles that seen in the heart of the ONC: Stars estimated to be less massive than 0.25 M ⊙ show a unimodal distribution dominated by fast rotators (P ∼ 1-2 days) and a tail of slow rotators, while stars estimated to be more massive than 0.25 M ⊙ show a bimodal distribution with peaks at ∼2 and ∼8 days. We find no evidence that the tail of slow rotators in low-mass stars or the long-period peak of high-mass stars are preferentially populated by stars with disks, a correlation which is predicted by the current disk-braking paradigm. Also, we find no significant correlation between period and the magnitude of the IR excess, regardless of the mass range considered.
Given the large improvement of IRAC observations over near-IR disk indicators, our results support the claim made by Littlefair et al. (2005) that the correlation between period and (I-K) excess reported by several authors is a secondary manifestation of the correlation between near-IR excess and mass. We find that the disk properties of our sample are indistinguishable from the disk properties of the cluster as a whole and conclude that it is very unlikely that the lack of a correlation between rotation period and IR excess is due to a bias in the disk properties of our sample. Finally, we find some indication that the disk fraction might decrease significantly in stars with very short periods (P 1.2 days). The fact that very fast rotators tend to have little or no excess has already been shown by Rebull et al. (2005) for stars in the ONC and has been confirmed by a preliminary analysis of our ongoing work with objects in NGC 2264. The low disk fraction of these very fast rotators is the only feature of our sample that could potentially be interpreted as an evidence for disk braking.
However, the lack of evidence for disk braking (in the form of a correlation between PMS stellar rotation periods and IR excess) in all but the fastest rotators is not enough to rule out disk braking in PMS stars. As shown by Rebull et al. (2004) , current observational signatures of disk braking may be hidden by an initial large distribution of rotation periods in PMS stars. Because there is currently no alternative mechanism for angular momentum loss in PMS stars and because there is evidence for star-disk interaction in very young stellar objects, a rigorous quantitative analysis of the effects of disk-braking parameters on current observational signatures is required to determine whether disk-braking may indeed play a significant role in the angular momentum evolution of these stars. Simulations similar to those run by Rebull et al. (2004) , with the improvements suggested in Section 5.3 of this paper, can further constrain the importance of disk braking in the evolution of PMS stars. We are in the process of testing such models and will present our results in a follow-up paper.
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-31 -E A C B D Fig. 2 .-This is a plot of the ratio of our rotation periods to those from Cohen et al. (2004, C04) , Littlefair et al. (2005, L05) , and Kızıloglu et al. (2005, KKB05) as a function of power spectrum peak from our light curves. The values start to diverge for power spectra peaks lower than ∼20. Based on the peak distribution from Figure 1 and these ratios, we adopt a power spectrum peak of 22.0 as the threshold above which we consider the measured periodic signal to be an accurate representation of the stellar rotation period. The disagreement with rotation periods from the literature for stars A through E is discussed in the text and in Only five stars for which we measure power spectra peaks above 20 show significant discrepancies between our periods and those from the literature. For star A, Kızıloglu et al. (2005, KKB05 ) find a period of 1.28 days, where we measure a period of 4.55 days. Their shorter period is a result of the beating of our period at a 1-day sampling interval, of the form 1/P beating = ± 1 ± (1/P) (plotted as a solid line). For object B and D, we find shorter periods than those found by KKB05; their periods are likely harmonics of the real periods (the two dotted lines represent factor-of-two harmonics). Our period for object C, 19.8 days, shows a discrepancy with the 13.4-day period found by Littlefair et al. (2005, L05) which cannot easily be explained. Longer periods have greater uncertainty, however, and since our observational baseline is twice as long as that of L05 (52 versus 26 days), we take our period to be closer to the correct value. Our period for object E is 18.3 days while L05 measured a period of 8.4 days. In this case, our period is likely a harmonic of the real period. figure) . Some of the objects classified as "anemic disks" by L06 seem to be photospheres of late type stars. The dotted line correspond to the disk identification criteria adopted by Rebull et al. (2006) . period. We find no evidence for a correlation between period and the presence of an IR excess or the magnitude of the excess. A standard Spearman test yields over a 84% chance that the quantaties are completely uncorrelated. Fig. 9 .-Period histograms for low and high mass stars in the IC 348 cluster with Spitzer data. The period distributions resemble those seen in the heart of the Orion Nebula Cluster (ONC) by H02, which are shown for comparison scaled down by a factor of two. Stars estimated to be less massive than 0.25 M ⊙ show a unimodal distribution dominated by fast rotators (P ∼ 1-2 days), while stars estimated to be more massive than 0.25 M ⊙ show a bimodal distribution with peaks at ∼2 and ∼8 days. The low disk frequency of very fast rotators is the only feature of our sample that could potentially be interpreted as an evidence for disk braking, but a more rigorous analysis of this result is necessary to determine its significance.
